Introduction
Lung volume reduction surgery (LVRS) meaningfully improves quality of life in properly selected patients with severe emphysema (patients with upper lobe predominant disease) and also survival in a subset of them [1] . The unquestionable clinical significance and palliative effect of this procedure has been recently addressed in the literature [2 ] and is the spirit of this short review.
The care of patients undergoing LVRS requires a complete understanding of the pathophysiology of severe chronic obstructive pulmonary disease (COPD), the planned surgical procedure, and the anticipated postoperative course for this group of patients.
Preoperative care for patients undergoing LVRS sits on two critical pillars: the proper selection of the candidate and a comprehensive pulmonary rehabilitation primarily oriented to increase physical activity and patient's selfefficacy for dealing with symptoms (mainly dyspnea, anxiety, and fatigue) [3 ] . Risk factors for morbidity and mortality from this surgery come from the results of the National Emphysema Treatment Trial (NETT), the world's largest multicenter randomized trial comparing LVRS to maximal medical therapy, that set a strong foundation for risk assessment before thoracic resection in severe COPD patients [1, 4, 5, 6 ] .
General anesthesia, positive-pressure ventilation and one-lung ventilation (OLV) in patients with emphysema and severe airflow obstruction are a challenge since they can lead to severe gas trapping, dynamic hyperinflation and hemodynamic consequences [7 ] .
Postoperative care key factors include early extubation, minimizing the potential for a prolonged air leak, a careful pain control, the management of respiratory failure and early ambulation [8 ].
Lung volume reduction surgery preoperative care
Preoperative care roots in proper patient selection and specialized pulmonary rehabilitation.
Patient selection
Lung volume reduction surgery should be considered only in severe emphysema after patients have undergone optimal medical treatment, including pulmonary rehabilitation, and fail to improve their clinical status [2 ,3 ] .
Pulmonary rehabilitation showed to be critical adjunct to medical treatment that a substantial number of NETT candidates reported an improvement in their symptoms after pulmonary rehabilitation that was so significant that they withdrew their consent to undergo LVRS if randomized to treatment.
National Emphysema Treatment Trial demonstrated that patients with upper lobe-predominant emphysema on chest computed tomography (CT) benefited from LVRS in terms of improvements in lung function, exercise performance, quality of life, and a reduction in patient symptoms [1] . The latter highlights the value of assessing the severity and distribution of emphysema from high-resolution chest CT images. Patients with upper lobe-predominant emphysema and a low maximal workload on cardiopulmonary exercise testing also had a
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One of the most useful and practical lessons from NETT, as it can be translated in the evaluation for lung resection in general, has been the definition of patients with unacceptable high operative risk, 30-day mortality rate of 16% [10] , in patients with FEV 1 20% or less predicted and either homogeneous emphysema or diffusing capacity of carbon monoxide [DL CO ] 20% or less predicted. NETT also reported an operative mortality rate (deceased within 90 days of LVRS) of 5.5% and a major pulmonary morbidity rate of 29.5% [11] . In essence patients with upper-lobe predominant emphysema, FEV1 greater than 20%, DL CO greater than 20% and air trapping (residual volume >150%) are eligible candidates. Naunheim and colleagues [11] analyzed risk factors for operative morbidity and mortality in the patients in the NETT after excluding those found on interim analysis to be at high operative risk of death after LVRS. In nonhighrisk patients, age, FEV 1 , and DL CO were found to be risk factors for major pulmonary morbidity, defined as tracheostomy, failure to wean from mechanical ventilation, reintubation, pneumonia, and mechanical ventilation for 3 days or longer. In contrast to earlier literature, the analysis of NETT data did not reveal hypercapnia or poor exercise tolerance to be predictors of worse outcome. This may reflect trial design, with the intentional exclusion of those with a Pa CO2 greater than 60 mmHg (55 mmHg in Denver) and a 6-min walk distance of 140 m or less [1] . Interestingly, a nonupper lobe-predominant distribution of emphysema did not increase the risk for postoperative pulmonary complications, but did increase operative mortality (relative odds 2.99; P ¼ 0.009) and cardiovascular morbidity (relative odds 2.67; P < 0.001). Careful assessment for cardiac disease before selection for LVRS is also necessary as a high prevalence of coexistent coronary artery disease exists in COPD. A pharmacologic stress test is recommended to screen for occult cardiac ischemia to attain heart rates that definitively exclude cardiac ischemia. If clinical suspicion is high, and/or a pharmacologic stress test is equivocal or submaximal, coronary angiography should be considered. Patients should maintain at least 4-month abstinence from cigarette smoking before surgery.
Pulmonary rehabilitation
Pulmonary rehabilitation is a critical part of patient preparation before LVRS and its main aim is to increase patients' self-efficacy for controlling symptoms and for physical activity. The latter, not only increase patients' endurance but also facilitates the willingness for an early ambulation after surgery. The prescription of exercise during the rehabilitation session should follow the current guidelines [12, 13] ; however, special attention should be paid to the physical activity outside the pulmonary rehabilitation laboratory. A collaborative, empathic approach of the patient, setting goals of activity between sessions, fostering patient autonomy and obeying patient preferences is most likely the way to make the patient adopt a more active lifestyle that will likely translate into a better outcome [14] .
Improving patient's anxiety in the context of dyspnea is another important goal that is usually accomplished through increased self-efficacy to deal with that symptom. Modeling (seeing and interacting with other patients and learning form them in the context of pulmonary rehabilitation), practicing slow breathing (mainly slow breathing with pursed lips) stretching and endurance exercises together with disease education tailored to what the individual patient needs are key to improve perception of anxiety and stress in front of symptoms [15] .
Establishing a practice of slow pursed lips breathing during the period of pulmonary rehabilitation is almost universally referred by patients as a significant part of their rehabilitation: decrease their dyspnea and promote relaxation and calmness. The latter becomes very important in the immediate postoperative period when promoting calmness is necessary to deal with dyspnea, pain and mixed emotions that invariably appear without the use of pharmacy. The word practice in this context indicates devoting time daily to do slow pursed lips breathing without any distraction (television, radio, reading), time devoted just to concentrate on their breath. In our institution we recommend at least 15 min a day, and even during their time using the nebulizer. In addition slow breathing is known to decrease hyperinflation, sympathetic tone and cardiovascular stress [16] [17] [18] .
The use of inspiratory muscle training, not routinely recommended in pulmonary rehabilitation [13] , has a definitive place in preoperative pulmonary rehabilitation given recent strong evidence that reported its beneficial effect during the preoperative phase by decreasing pulmonary complications after thoracic surgery [19] . We conducted a randomized controlled trial of pulmonary rehabilitation before lung resection in COPD that included inspiratory muscle training with clinically significant Lung volume reduction surgery Benzo 45
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Preoperative care roots in proper patient selection and specialized pulmonary rehabilitation. Hypotension, hypercapnia and hypoxemia are the most frequent problems during the procedure. Postoperative care in lung volume reduction surgery aims to four specific actions: early extubation, the prevention/treatment of air leaks and respiratory failure and early ambulation.
results (in press). We adopted inspiratory muscle training at our institution in the preoperative pulmonary rehabilitation of thoracic resections that included LVRS.
The rapid identification and treatment of exacerbation is an important topic in pulmonary rehabilitation as exacerbation is one of the main reasons for missing pulmonary rehabilitation sessions. Preventing exacerbations is particularly applicable to severe COPD patients that have a much greater prevalence of exacerbations as recently reported from the ECLIPSE study [20] . The cornerstone for the prevention is the education on the use of an emergency plan: self-use antibiotic and prednisone with detailed orders, that has been reported beneficial in several trials [21, 22] .
Postponement of surgery should be considered if the patient is considered not at their baseline health status (particularly dyspnea status) or if a respiratory tract infection or COPD exacerbation is present.
Finally and importantly, awakening a spirit of resilience and promotion of calmness to face the procedure has been in our experience an important asset for success.
Lung volume reduction surgery intraoperative considerations
A patient that gained self-efficacy to control his/her symptoms during the preoperative pulmonary rehabilitation is more likely to be more calm and cooperative, making sedative premedication unnecessary [23] . Even when small doses of a benzodiazepine may be beneficial for those treated chronically with benzodiazepines, a sedative/hypnotic agent may delay extubation at the conclusion of surgery [7 ] .
Hypotension can occur at any time during the procedure and is most commonly seen upon induction of anesthesia. Dynamic hyperinflation [air-trapping, auto-positive end expiratory pressure (PEEP)], that reflects the severity of the airway disease, can occur with either hand ventilation or upon conversion to mechanical ventilation is usually the cause of hypotension. Disconnecting the ventilator circuit from the endotracheal tube leads to a rapid resolution of hypotension if this is the cause. Sympathetic blockade from a thoracic epidural catheter, pneumothorax or the vasodilatory effects of induction agents may be other causes of hypotension. An arterial line facilitates beat-by-beat hemodynamic monitoring since administration of vasoactive agents may be necessary and also facilitates repetitive blood gas sampling. A pulmonary artery catheter use is not recommended.
Intraoperative ventilator management is directed toward producing adequate oxygenation with a low tidal volume technique while maximizing exhalation time to prevent dynamic hyperinflation and to minimize the likelihood of disruption of suture lines or of the adjacent nonresected lung tissue. Both pressure-controlled and volume-controlled ventilation with the measuring of auto-PEEP have been used to successfully achieve these goals. Hypercapnia is the most common result of the low tidal volume ventilation strategy; however, most patients tolerate elevated CO 2 levels well during surgery. When pH falls below 7.2, maneuvers need to be instituted to increase minute ventilation [24] : increase the rate of ventilation while remaining mindful of the risk of increased auto-PEEP. Oxygenation is often easily maintained by prudent monitoring of inspired oxygen; secretions, adequate muscle relaxation, and aggressive treatment of any bronchospasm. Due to decreased elastic recoil, deflation of the operative lung is prolonged during one-lung ventilation (OLV) in this patient population. The more diseased portions of the lung will deflate more slowly than the more normal parenchyma and may assist the surgeon in identifying targets for resection.
A good pain control is a necessary component of the anesthetic plan for LVRS. An epidural infusion is a prevalent pain management strategy, but multimodality approach combining regional techniques with parenteral agents is more widely accepted. Careful use of narcotics in patients with baseline hypercapnia is mandatory as they may decrease the chance of a rapid extubation after surgery.
Lung volume reduction surgery postoperative care
Postoperative care in LVRS aims to four specific actions: early extubation, the treatment of air leaks and respiratory failure and early ambulation.
Early extubation
Extubation at the conclusion of surgery is dependent on the absence of significant bronchospasm, secretions, hypercapnia, or acidosis. Patients with hypercapnia may still be extubated if other criteria are acceptable. Frequent or continual nebulization of bronchodilators is essential with the patient in a head-up position. If serial blood gases reveal progressive hypercapnia, noninvasive ventilatory support may be used to stabilize gas exchange and decrease the work of breathing while further investigation proceeds.
Air leaks
In contrast to lung resection for lung cancer, the majority of patients undergoing LVRS have an air leak during the postoperative period. In the NETT, 496 of 552 (90%) patients experienced air leak at some time in the first 30 days after LVRS [4] . DeCamp and colleagues [4] reported that patients with a predominantly lower lobe distribution of emphysema had fewer air leaks than patients with other emphysema distribution. In addition, a low diffusing capacity and the presence of marked adhesions were strongly associated with the occurrence of air leak.
The practice at our institution has been to place the chest tubes to water-seal rather than suction as the current evidence suggests that as the best practice in patients with underlying severe emphysema [25] .
Postoperative respiratory failure
Minimized use of narcotic analgesics, appropriate and early use of antibiotics, and early mobilization will all help to minimize the incidence of respiratory failure. The routine use of noninvasive ventilation has been implemented at some centers in the immediate postoperative period to prevent hypoventilation, atelectasis, and hypoxia.
If respiratory infection is suspected, use of antibiotics should not be delayed. The choice of antibiotic agent should be focused to the organisms prevalent this population (Haemophilus and gram-negative bacilli). Once microbiologic data are available in identifying an organism and antibiotic sensitivities, therapy should be promptly narrowed and a predetermined stop date set.
Early mobilization
Early postoperative mobilization after LVRS should be instituted whenever feasible to help reduce the incidence of atelectasis, minimize use of narcotic analgesics, reduce recovery time, improve mood and prevent muscle atrophy.
Conclusion
Lung volume reduction surgery remains the most effective way of lung reduction in emphysema. Several nonsurgical methods are the matter of current and extensive research for the best approach since none of them have not shown the degree of efficacy attained by the surgical procedure. LVRS provides a durable palliation of dyspnea in appropriately selected patients with moderate to severe emphysema. Appropriate patient selection and preoperative preparation are prerequisites for successful LVRS. An effective LVRS program critically requires participation and communication between experts from different disciplines: pulmonary medicine, thoracic surgery, thoracic anesthesiology, critical care medicine, rehabilitation medicine, respiratory therapy, chest radiology, nursing, and the patient (an expert of living with emphysema).
